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Description 

[0001] The Invention is directed to a lubricant composition comprising a base oil and one or more additives wherein 
the lubricant composition has a kinematic viscosity at 1 00 **C of more than 5.6 cSt, a cold cranking simulated dynamic 
viscosity at -35 "C according to ASTM D 5293 of less than 6200 centiPoise (cP) and a mini rotary viscosity test value 
of less than 60000 cP according to ASTM D 4684. 

[0002] Such lubricant compositions are also refen-ed to as SAE OW-x compositions. SAE stands for Society of Au- 
tomotive Engineers in the USA. The "0" number in such a designation is associated with a maximum viscosity require- 
ment at -35 **C for that composition as measured typically by a cold cranking simulator (VdCCS) under high shear. The 
second number V is associated with a kinematic viscosity requirement at 100 "^C. 

[0003] The minimum high temperature viscosity requirement at 100 is intended to prevent the oil from thinning 
out too much during engine operation which can lead to excessive wear and increased oil consumption. The maximum 
low temperature viscosity requirement. VdCX^S, is intended to facilitate engine starting or cranking in cold weather. To 
ensure pumpability the cold oil should readily flow or slump into the well for the oil pump, othenwise the engine can be 
damaged due to insufficient lubrication. The mini rotary viscosity (MRV) requirement is intended to ensure a minimum 
pumpability performance. 

[0004] US-A-5693598 describes a lubricant formulation according to OW-20 based on so-cafled poly-alpha olefins. 
Poly-alpha olefins are prepared by oligomerisat'ion of alpha olefins (PAO) as for example described in US-A-396501 8. 
The disadvantage of such PAO base stock is its high cost of manufacture, as for example mentioned in the introductory 
part of US-A-6050437. Nevertheless PAO are widely used to formulate such lubricant compositions because no com- 
mercially available alternative exists having the cleanliness and tow temperature properties as PAO. Another aspect 
of using PAO base stock is thai additional base stock like for example ester based or aromatic based base stock will 
also be present in the lubricant fomnulation in order to confer additional desired characteristics as for example additive 
solvency and seal compatibility. 

[0005] US-A-6 1 65 949 relates to a wear resistant lubricant comprising at least 95 wt% non-cyclte isoparaffins derived 
from waxy, paraffinic. Fischer-Tre>psch synthesized hydrocarbons. 

[0006] WO-A-01 571 66 relates to formulated lubricant oils containing high perfonnanoe base oils derived from highly 
paraffinic hydrocarbons. 

[0007] The object of the present invention is to provide an alternative for PAO base stocks in OW-x compositions. 
[0008] This object is achieved with the following composition. Lubricant composition comprising a base oil and one 
or more additives wherein the lubricant composition has a kinematic viscosity at 1 00 '^C of more than 5.6 cSt, a cold 
cranking simulated dynamic viscosity at -35 according to ASTM D 5293 of less than 6200 centiPoise (cP) and a 
mini rotary viscosity test value of less than 60000 cP according to ASTM D 4684, wherein the base oil has been obtained 
from waxy paraffinic FIscher-Tropsch synthesized hydrocarbons, and wherein the base oil comprises at least 98 wt% 
saturates and wherein the saturates fraction consists of between 10 and 40 wt% of cyclo-paraffins. 
[0009] It has been found that lubricants based on base oils obtainable from a waxy paraffinic Rscher-Tropsch product 
can be obtained having the desired properties of an SAE OW-x formulation. 

[0010] The base oil to be used in the lubricant composition according to the invention is obtained from Fischer- 
Tropsch synthesized hydrocart^ons. Processes to prepare the base oils from such a feedstock are described in for 
example EP-A-776959. EP-A-668342, US-A-4943672, US-A-5059299 and WO-A-9920720. The process will generally 
comprise a Rscher-Tropsch synthesis, a hydroisomerisation step and a pour point reducing step, wherein said hydr- 
oisomerisation step and pour point reducing step are performed as: 

(a) hydrocracking/hydroisomerisating a Fischer-Tropsch product. 

(b) separating the product of step (a) into at least one or more fuel fractions and a base oil precursor fraction, and 

(c) perfomiing a pour point reducing step to the base oil precursor fraction obtained in step (b). 

[001 1] Examples of Rscher-Tropsch synthesis processes steps to prepare said Rscher-Tropsch product and hydr- 
oisomerisation steps (a) are known from the so-called connmercial Sasol process, the commercial Shell Middle Distillate 
Process or the non-commercial Exxon process. 

[0012] The Rscher-Tropsch product used in step (a) will contain no or very little sulphur and nitrogen containing 
compounds. This is typical for a product derived from a Fischer-Tropsch reaction which uses synthesis gas containing 
almost no such impurities. Sulphur and nitrogen levels will generally be below the detection limit, which Is cun-ently 1 
ppm for nitrogen and 5 ppm for sulphur. 

[0013] The Fischer-Tn^psch product may optionally be subjected to a mild hydrotreatment step in order to remove 
any oxygenates and saturate any olefinic compounds present in the reaction product of the Rscher-Tropsch reaction. 
Such a hydrotreatment Is described in EP-B-668342. The mildness of the hydrotreating step is preferably expressed 
in that the degree of conversion in this step is less than 20 wt% and more preferably less than 1 0 wt%. The conversion 
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is here defined as the weight percentage of the feed boiling above 370 ^C. which reacts to a fraction boiling below 370 

[0014] Preferably any compounds having 4 or less carbon atoms and any compounds having a boiling point in that 
range are separated from a Rscher-Tropsch synthesis product before being used in step (a). The Fischer-Tropsch 
product may optionally be separated into a fraction boiling substantially below 370 ''C and a fraction boiling substantially 
above 370 wherein the heavier fraction is used as feed to step (a). An example of such a process line-uo is disclosed 
in WO-A-0014179. 

[0015] The Rscher-Tropsch product as described in detail above is a Rscher-Tropsch product, which has not been 
subjected to any hydroconversion step apart from an optional mild hydrotreating step. The content of non-branched 
compounds in the Rscher-Tropsch product will therefore be above 80 wt%. In addition to the Rscher-Tropsch product 
also other fractions may be additionally processed in step (a). Possible other fractions may suitably be the higher 
boiling fraction obtained in step (b) or part of said fraction and/or off-spec base oil fractions as obtained in step (c). 
[0016] The hydrocracklng/hydroisomerisation reaction of step (a) is preferably perfonDed in the presence of hydrogen 
and a catalyst, which catalyst can be chosen from those known to one skilled in the art as being suitable for this reaction. 
Catalysts for use in step (a) typically comprise an acidic functionality and a hydrogenation/dehydrogenation function- 
ality. Preferred acidic functionalities are refractory metal oxide earners. Suitable earner materials Include silica, alumina, 
sifica-alumlna. zirconia, titania and mixtures thereof. Prefen-ed carrier materials for inclusion in the catalyst for use m 
the process of this invention are silica, alumina and silica-alumina. A particularly preferred catalyst comprises platinum 
supported on a silica-alumina earner. If desired, applying a halogen moiety, in particular fluorine, or a phosphorous 
moiety to the carrier, may enhance the acidity of the catalyst carrier. Examples of suitable hydrocracking/hydroisom- 
erisation processes and suitable catalysts are described in WO-A-001 41 79, EP-A-5321 1 8. EP^-666894 and the earlier 
referred to EP-A-776959. 

[0017] Prefen-ed hydrogenation/dehydrogenation functionalities are Group VIII noble metals, for example palladium 
and more preferably platinum. The catalyst may comprise the hydrogenation/dehydrogenation active component In an 
amount of from 0.005 to 5 parts by weight, preferably from 0.02 to 2 parts by weight, per 1 00 parts by weight of can-ler 
material. A particularly preferred catalyst for use in the hydroconversion stage comprises platinum in an amount in the 
range of from 0.05 to 2 parts by weight, more preferably from 0.1 to 1 parts by weight, per 1 00 parts by weight of carrier 
material. The catajyst may also comprise a binder to enhance the strength of the catalyst. The binder can be non- 
acidic. Examples are clays and other binders known to one skilled in the art. 

[0018] In step (a) the feed is contacted with hydrogen in the presence of the catalyst at elevated temperature and 
pressure. The temperatures typically will be in the range of from 175 to 380 °C. preferably higher than 250 °0 and 
more preferably from 300 to 370 -C. The pressure will typically be in the range of from 10 to 250 bar and preferably 
between 20 and 80 bar. Hydrogen may be supplied at a gas hourly space velocity of from 1 00 to 1 0OOO Nl/l/hr. preferably 
from 500 to 5000 Nl/l/hr. The hydrocarit)on feed may be provided at a weight hourly space velocity of from 0.1 to 5 kg/ 
35 lAir. preferably higher than 0.5 kgMir and more preferably lower than 2 kgA/hr. The ratio of hydrogen to hydrocartx)n 
feed may range from 100 to 5000 Nl/kg and is preferably from 250 to 2500 Nl/kg. 

[001 9] the conversion in step (a) as defined as the weight percentage of the feed boiling above 370 "0 which reacts 
per pass to a fraction boiling below 370 *»C, is at least 20 wt%. preferably at least 25 wt%, but preferably not more than 
80 wt%. more preferably not more than 65 wt%. The feed as used above in the definition Is the total hydrocarbon feed 
40 fed to step (a), thus also Including any optional recycle of the higher boiling fraction as obtained in step (b). 

[0020] In step (b) the product of step (a) is preferably separated into one or more fuel fractions, a base oil precursor 
fraction having preferably a T1 0 wt% boiling point of between 200 and 450 '^C and a T90 wt% boiling point of at least 
300. preferably at least 400 and of at most 650 preferably at most 550 ^C, and a higher boiling fraction. By performing 
step (c) on the prefen^ed narrow boiling base oil precursor fraction obtained in step (b) a haze free base oil grade can 
be obtained having also excellent other quality properties. The separation is preferably perfonned by means of a first 
distillation at about atmospheric conditions, preferably at a pressure of between 1.2-2 bara, wherein the fuel product, 
such as naphtha, kerosene and gas oil fractions, are separated from the higher boiling fraction of the product of step 
(a). The higher boiling fraction, of which suitably at least 95 wt% boils above 350 is subsequently further separated 
In a vacuum distillation step wherein a vacuum gas oil fraction, the base oil precursor fraction and the higher boiling 
50 fraction are obtained. The vacuum distillation is suitably perfomied at a pressure of between 0.001 and 0,05 bara. 
[0021] The vacuum distillation of step (b) is preferably operated such that the desired base oil precursor fraction Is 
obtained boiling in the specified range and having a kinematic viscosity, which relates to the base oil end product(s) 
specification. The kinematic viscosity at 1 00 *C of the base oil precursor fraction is preferably between 3 and 1 0 cSt. 
[0022] Suitably the above described waxy paraffinic product or base oil precursor fraction is obtained in the hydroi^ 
somerisation process step wherein the content on non-cyclic iso-paraffin compounds, relative to the total of non-cyclic 
iso- and nomnal paraffins, is increased to above 90 wt%. This waxy paraffinfc product, which boils for the greater part 
above 370 ''C. is subsequently subjected to a pour point reducing step. The pour point reducing step can be by means 
of solvent dewaxing or catalytic dewaxing according to the aforementioned publications. The dewaxed product is further 
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purified in order to remove both a light and optionally a heavy fraction, such to obtain the base oil suitable for use in 
the lubricant formulation of the present invention. 

[0023] Preferably the base oil is prepared by a process wherein the pour point reducing step is performed by means 
of a catalytic dewaxing. With such a process it has been found that base oils have a sufficiently low pour point of, for 
example as low as -40 "^C. The catalytic dewaxing process can be performed by any process wherein In the presence 
of a catalyst and hydrogen the pour point of the base oil precursor fraction is reduced as specified above. Suitable 
dewaxing catalysts are heterogeneous catalysts comprising a nrwlecular sieve and optionally in combination with a 
metal having a hydrogenation function, such as the Group VIII metals. Molecular sieves, and more suitably intemnediate. 
pore size zeolites, have shown a good catalytic ability to reduce the pour point of the base oil precursor fraction under 
catalytic dewaxing conditions. Preferably the intermediate pore size zeolites have a pore diameter of between 0.35 
and 0.8 nm. Suitable intemnediate pore size zeolites are mordenite, ZSM-5, 2SM-12, ZSM-22, ZSM-23, SSZ-32, ZSM- 
35 and ZSM-48. Another prefen-ed group of molecular sieves are the silica-aluminaphosphate (SAPO) materials of 
which SAPO-11 is most prefen-ed as for example described in US-A-4859311. ZSM-5 may optionally be used in its 
HZSM-5 form in the absence of any Group VIII metal. The other molecular sieves are preferably used in combination 
with an added Group VIII metal. Suitable Group VIII metals are nickel, cobalt, platinum and palladium. Examples of 
possible combinations are Pt/2SM-35, Ni/ZSM-5, Pt/ZSM-23. Pd/ZSM-23, Pl/ZSM-48 and Pt/SAPO-11. Further details 
and examples of suitable molecular sieves and dewaxing conditions are for example described in WO-A-9718278, 
US-A-4343692, US-A-5053373. WO-A-0014184. US-A-5252527 and US-A-4574043. 

[0024] The dewaxing catalyst suitably also comprises a binder. The binder can be a synthetic or naturally occurring 
(inorganic) substance, for example clay, silica and/or metal oxides. Natural occun-ing clays are for example of the 
montmorillonite and kaolin families. The binder is preferably a porous binder material, for example a refractory oxkJe 
of which examples are: alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titan ia 
as well as ternary compositions for example sllica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia and 
sillca-magnesia-zirconia. More preferably a low acidity refractory oxide binder material, which is essentially free of 
alumina, is used. Examples of these binder materials are silica, zirconia, titanium dioxide, genmanium dioxide, boria 
and mixtures of two or more of these off which examples are listed above. The most preferred binder is silica. 
[0025] ' A prefen-ed class of dewaxing catalysts comprise intermediate zeolite crystallites as described above and a 
low acidity refractory oxide binder material which is essentially free of alumina as described above, wherein the surface 
of the aluminosilicate zeolite crystallites has been modified by subjecting the aluminosilicate zeolite crystallites to a 
surface dealumination treatment. A preferred dealumination treatment Is by contacting an extrudate of the binder and 
the zeolite with an aqueous solution of a fluorosilicate salt as described in for example US-A-5157191 or WO-A- 
0029511. Examples of suitable dewaxing catalysts as described above are silica bound and dealuminated Pt/ZSM-5, 
silica bound and dealuminated Pt/ZSM-23, silica bound and dealuminated PtyZSM-12, silica bound and dealuminated 
Pt/ZSM-22. as for example described in WO-A-0029511 and EP-B-832171. 

[0026] Catalytic dewaxing conditions are known in the art and typically involve operating temperatures in the range 
of from 200 to 500 **C, suitably from 250 to 400 *C. hydrogen pressures in the range of from 1 0 to 200 bar, preferably 
from 40 to 70 bar, weight hourty space velocities (WHSV) in the range of from 0.1 to 10 kg of oil per litre of catalyst 
per hour (kg/l/hr), suitably from 0.2 to 5 kg/l/hr. more suitably from 0.5 to 3 kg/i/hr and hydrogen to oil ratios in the range 
of from 1 00 to 2,000 litres of hydrogen per litre of oil. By varying the temperature between 275 *C. suitably between 
315 **G and 375 ""C at between 40-70 bars, in the catalytic dewaxing step it is possible to prepare base oils having 
different pour point specifications varying from suitably -1 0 to -60 =*C. 

[0027] The lubricant composition surtably comprises between 85 and 85 wt% of the Fischer-Tropsch derived base 
oil. The remaining part of the composition consists of one or more additives. Optionally part of the lubricant oompositton 
may comprise of a second base on, for example PAD, petroleum derived based base oil or esters. This fraction will 
suitably be less than 1 0 wt%. The advantages of the invention are however fully appreciated when only the Rscher- 
Tropsch derived base oil are used as base oil according to the present invention. 

[0028] Applicants have found that when a special novel class of base oils, as obtainable from waxy paraffinic Flscher- 
Tropsch synthesized hydrocartx)ns. is used to fonnulate the lubricant composition no or much less additional base 
stock Is needed. This base oil composition preferably comprises preferably at least 98 wt% saturates, more preferably 
at least 99.5 wt% saturates and most preferably at least 99.9 wt%. This saturates fraction in the base oil comprises 
between 10 and 40 wt% of cyclo-paraffins. Preferably the content of cyclo-paraffins is less than 30 wt% and more 
preferably less than 20 wt%. Preferably the content of cyclo-paraffins Is at least 12 wt% and more preferably at least 
1 5 wt%. The unique and novel base oils are further characterized in that the weight ratio of 1 -ring cyclo-paraffins relative 
to cyclo-paraffins having two or more rings is greater than 3 preferably greater than 5. It was found that this ratio is 
suitably smaller than 15. 

[0029] The cyclo-paraffin content as described above is measured by the following method. Any other method re- 
sulting in the same results may also be used. The base oil sample is first separated into a polar (aromatic) phase and 
a non-polar (saturates) phase by making use of a high perfonnance liquid chroniatography (HPLC) method IP368/01, 
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wherein as mobile phase pentane is used instead of hexane as the method states. The saturates and aromatic fractions 
are then analyzed using a FInnigan MAT90 mass spectrometer equipped with a Field desorptlon/Fleld lonisation (FD/ 
Fl) interface, wherein Fl (a "soft" ionisation technique) is used for the semiquantitative determination of hydrocarbon 
types in tem^s of carbon number and hydrogen deficiency. The type classification of compounds in mass spectrometry 
IS determined by the characteristic ions formed and is normally classified by "z number". This is given by the general 
fomnula for all hydrocarbon species: CnHgn+z. Because the saturates phase is analysed separately from the aromatic 
phase it is possible to determine the content of the different {cyclo}-paraffins having the same stoichlometry. The results 
of the mass spectrometer are processed using commercial software (poly 32; available from Sierra Analytics LLC 
3453 Dragoo Park Drive. Modesto, California GA95350 USA) to determine the relative proportions of each hydrocarbori 
type and the average molecular weight and polydispersity of the saturates and aromatics fractions. 
[0030] The base oil composition preferably has a content of aromatic hydrocarbon compounds of less than 1 wt%, 
more preferably less than 0.5 wt% and most preferably less 0.1 wt%, a sulphur content of less than 20 ppm and a 
nitrogen content of less than 20 ppm. The pour point of the base oil is preferably less than -30 »C and more preferably 
lower than -40 •C. The viscosity index is preferably higher than 120. It has been found that the novel base oils typically 
have a viscosity index of below 140. The kinematic viscosity at 100 *C of the base oil is preferably between 4.0 and 8 
cSt and the Noack volatility is preferably lower than 14 wt%. 

[0031] The above base oil is believed to be novel. Relevant publications like WO-A-001418B. WO-A-14187 and 
WO-A.0014179 disclose base oils derived from a Fischer-Tropsch synthesis product containing more than 95 wt% iso- 
paraffins. WO-A-0118156 describes a base oil derived from a Rscher-Tropsch product having a naphthenlcs content 
of less than 1 0%. Also the base oils as disclosed in applicant's patent applications EP-A-776959 or EP-A-668342 have 
been found to comprise less than 10 wt% of cyclo-paraffins. Applicants repeated Example 2 and 3 of EP-A-776959 
and base oils were obtained, from a waxy Rscher-Tropsch synthesis product, wherein the base oils consisted of re- 
spectively about 96 wt% and 93 wt% of iso-paraffins and any n-paraffins. Applicants further prepared a base oil having 
a pour point of -21 ^C by catalytic dewaxing a Shell MDS Waxy Raffinate using a catalyst comprising synthetic f errierite 
25 and platinum according to the teaching of EP-A-668342 and found that the content of iso- and normal paraffins was 
about 94 wt%. Thus these prior art base oils derived from a Fischer-Tropsch synthesis product had at least a cyclo- 
paraffin content of below 1 0 wt%. Furthemnore the base oils as disclosed by the examples of application WO-A-9920720 
will not comprise a high cyclo-paraffin content. This because feedstock and preparation used in said examples is very 
similar to the feedstock and preparation to prepare the above prior art samples based on EP-A-776959 and EP-A- 
30 568342. 

[0032] Applicants found that the base oil, having the higher cyclo-paraffin content as described above, is obtainable 
by the following process. This process Is characterised in that the Fischer-Tropsch product used as feed to step (a) 
has a weight ratio of compounds having at least 60 or more carbon atoms and compounds having at least 30 cartoon 
atoms in the Fischer-Tropsch product of at least 0.2 and wherein at least 30 wt% of compounds in the Fischer-Tropsch 
product have at least 30 cartx>n atoms. More preferably the Rscher-Tropsch product has at least 50 wt% and more 
preferably at least 55 wt% of compounds having at least 30 carbon atoms. Furthemiore the weight ratio of compounds 
having at least 60 or more carbon atoms and compounds having at least 30 cartoon atoms of the Fischer-Tropsch 
pnjduct is at least 0.2. preferably at least 0.4 and more preferably at least 0.55. 

Preferably the Fischer-Tropsch product comprises a Cgo* fraction having an ASF-alpha value (Anderson-Schulz-Flory 
Cham growth factor) of at least 0.925. preferably at least 0.935. more preferably at least 0,945. even more preferably 
at least 0.955. The initial boiling point of the Rscher-Tropsch product may range up to 400 «'C. but is preferably below 
200 *C. 

[0033] Such a Rscher-Tropsch product can be obtained by any process, which yields a relatively heavy Rscher- 
Tropsch product. Not all Fischer-Tropsch processes yield such a heavy product. Examples of suitable Rscher-Tropsch 
processes are described in WOrA-993491 7 and in AU-A-698392. These processes may yield a Fischer-Tropsch prod- 
uct as described above. 

[0034] The base ofl as obtainable by the above processes has a pour point of less than -39 "^C and a kinematic 
viscosity at 100 ^C which is suitably between 4 and 8 cSt The actual kinematic viscosity at 100 will depend on the 
specific OW-x grade one wishes to prepare. For the 0W.20 and 0W.30 lubricant grades a base oil having a kinematic 
viscosity at 100 -C of between 3.8 and 5.5 cSt is suitably used. For an OW-40 grade a base oil having a kinematic 
viscosity at 1 00 ^C of between 5.5 and 8 cSt is suitably used. 

[0035] The lubricant composition comprises one or more additives. Examples of additive types which may form part 
of the composition are dispersants, detergents, viscosity modifying polymers, extreme pressure/antiwear additives 
antioxidants, pour point depressants, emulsifiers. demulsifiers. con-osion inhibitors, rust inhibitors, antlstaining addi- 
tives, friction modifiers. Specific examples of such additives are described in for example Kirk-Othmer Encyclopedia 
of Chemical Technology, third edition, volume 14, pages 477-526. 

[0036] Suitably the anti-wear additive is a zinc dialkyi dithiophosphate. Suitably the dispersant is an ashless dlsper- 
sant, for example polybutylene succinimide polyamines or Mannic base type dispersants. Suitably the detergent is an 
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over-based metallic detergent, for example the phosphonate, sulfonate, phenolate or salicylate types as described in 
the above refen-ed to General Textbook. Suitably the antioxidant is a hindered phenolic or aminic compound, for ex- 
ample alkylated or styrenated diphenylamines or lonol derived hindered phenols. Suitably the viscosity modifier is a 
viscosity modifying polymer, for example polylsobutylenes, olefin copolym^rs, polymethacrylates and polyalkylstyrenes 
and hydrogenated polyisoprene star polymer (ShelMs). Examples of suitable antifoaming agents are polydimethylsi- 
loxanes and polyethylene glycol ethers and esters. 

[0037] The lubricant f omnulation Is preferably an OW-x passenger car motor oil or OW-x heavy duty diesel engine oil, 
wherein x is 20. 30 or 40. 

[0038] The invention will be illustrated by means of the following non-limiting examples. 
Example 1 

[0039] Example 1 illustrates the process to prepare a base oil having a higher cydo-paraffin content. 
[0040] A Fischer-Tropsch product was .made having boiling curve as in Table 1 by repeating Example VII of WO-A- 
993491 7 using the catalyst as prepared in Example III of the same publication and subsequently removing the C4 and 
lower boiling compounds from the effluent of the synthesis reaction. The feed contained about 60 wt% C3Q+ product 
The ratio CB0+/C3Q+ was at>out 0.55. 



Table 1 



Recovered (wt%) 


Temperature 

rc) 


Initial boiling point 


82 


10 


249 


30 


424 


50 


553 


70 


671 


90 


>750 



[0041] The Rscher-Tropsch product as thus obtained was continuously fed to a hydrocracking step (step (a)). In the 
hydrocracking step the Fischer-Tropsch product and a recycle stream consisting of the 370 ''C* fraction of the effluent 
of step (a) was contacted with a hydrocracking catalyst of Example 1 of EP^-5321 1 8 at a reactor temperature of 330 
**C. The Fischer-Tropsch product WHSV was contacted at 0.8 kg/l.h and the recycle stream was contacted at 0.2 kg/ 
l.h at a total pressure of 35 bar and a hydrogen partial pressure of 33 bar. The recycle gas rate was 2000 Nl/kg of total 
feed. The conversion of compounds tx>illng above 370 in the total feed which were converted to products boiling 
below 370 '^C was 55 wt%. The product of the hydrocracking step was distilled Into one or more fuels fractions boiling 
in the naphtha, kerosene and gas oil range and a bottom product boiling above 370 "^C. 

[0042] The 370 "^C* fraction thus obtained was in tum distilled in a vacuum distillation column, wherein the feed rate 
to the column was 750 g/h, the pressure at the top was kept at 0.4 mm Hg (0.5 mbar) and the temperature at the top 
was kept at 240 **C. which is equal to an atmospheric cut off temperature of 51 5 ''C. The top product had thus a boiling 
range of between 370 and 51 5 '•C. Further properties were a pour point of +1 8 ''C and a kinematic viscosity at 1 00 ''C 
of 3.8 cSt. This top product was further used as the base oil precursor fraction in step (c). 

[0043] In the dewaxing step (c) the base oil precursor fraction was contacted with a dealuminated silica bound ZSM- 
5 catalyst comprising 0.7% by weight R and 30 wt% 2SM-5 as described In Example 9 of WO-A-002951 1 . The dewaxing 
conditions were: total pressure 40 bar, a hydrogen partial pressure at the reactor outlet of 36 bar, WHSV = 1 kg/l.h, a 
temperature of 340 and a recycle gas rate of 500 Nl/kg feed. 

[0044] The dewaxed oil was distilled, wherein a lighter and a heavier fraction was removed to obtain the final base 
oil having properties as listed In Table 2. 



Table 2 



Density d20/4 


814 


Mean boiling point (50 wt% recovered) 


430 


Kinematic viscosity at 40 


18cSt 


Kinematic viscosity at 1 00 ^'C 


4.0 cSt 
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Table 2 (continued) 



Viscosity index 


121 


Pour point 


-50 "^C 


Noacl^ volatility 


11 wt% 



Example 2 

[0045] Example 1 was repeated except that the dewaxed oil was distilled differently to yield the 
properties as listed In Table 3. 

Table 3 



base oil having 



Density d2D/4 


81 B 


Mean boiling point (50 wt% recovered) 


44B "^C 


Kinematic viscosity at 40 


23.4 cSt 


Kinematic viscosity at 100 


4.9 est 


Viscosity index 


128 


Pour point 


-55 


Noack volatility 


6.8 wt% 



25 Example 3 

[0046] 74.6 weight parts of a base oil. having the properties as listed in Table 4 and which was obtained by catalytic 
dewaxing of a hydroisomerised/hydrocracked Fischer-Tropsch product as illustrated by Examples 1 and 2, was blended 
with 1 4.6 weight parts of a standard detergent Inhibitor additive package. 0.25 weight parts of a corrosiori inhibitor and 
1 0.56 weight parts of a viscosity modifier. The properties of the resulting composition are listed in Table 5. Table 5 also 
shows the OW-30 specifications for motor gasoline lubricants. It is clear that the composition as obtained in this Example 
meets the requirements of an 0W30 motor gasoline specification. 



Comparat'fve experiment A 

[0047] 54.65 weight parts of a poly-alpha olef ln.4 (PA0.4) and 1 9.94 weight parts of a poly-alpha olef in-5 (PAO-5) 
having the properties as listed in Table 1 were blended with the same quantity and quality of additives as in Example 
3. The properties of the resulting composition are listed in Table 5. This experiment and Example 3 shows that a base 
oil as obtained by the present Invention can be successfully used to fomnulate OW-30 motor gasoline lubricants using 
the same additives as used to formulate such a grade based on poly-alpha olefins. 

Table 4 





PAO-4 


PAO-5 


Base oil of Example 3 


kinematic viscosity at 1 00 **C(1 ) 


3.934 


5.149 


4.234 


kinematic viscosity at 40 (2) 


17.53 


24.31 


19.35 


viscosity index (3) 


121 


148 


125 


VDCCS @ -35 °C (P) (4) 


13.63 


23.08 


21.17 


VDCCS @ -30 (P)(5) 


10.3 


16 


14.1 


MRV cP @ -40 "^C (6) 


2350 


4070 


3786 


Pour Point *»C (7) 


less than -66 


-45 


-45 


Noack (wt%) (8) 

(**) Content as based on the whole base oil coniDosition 


13.4 . 


6.6 


10.6 
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Table 4 (continued) 





PAO-4 


PAO-5 


Base oil of Example 3 


Content (**)1-ring cyclo-paraffins (wt%) 


n.a.n 


n.a. 


13wt% 


content 2-ring cydoparaffins (wt%) 


n.a. 


n.a. 


1 wt% 


Content of 3 and higher ring cycloparaffms 


n.a. 


n.a. 


<0.1 wt% 



n Not analysed but presumed to be zero due to Ihe manner In which poly-alpha olefins are prepared. 



(**) Content as based on the whole base on composition 

[0048] (1 ) Kinematic viscosity at 1 00 as detemnined t>y ASTM D 445. (2) Kinematic viscosity at 40 **C as determined 
by ASTM D 445, (3) Viscosity Index as determined by ASTM D 2270, (4) VDCCS @ -35 ^C (P) stands for dynamic 
viscosity at -35 degrees Centigrade and is measured acconjing to ASTM D 5293, (5) VDCCS @ -35 ^C (P) stands for 
dynamic viscosity at -35 degrees Centigrade and is measured according to ASTM D 5293. (6) MRV cP @ -40 '^C stands 
for mini rotary viscometer test and is measured according to ASTM D 4684, (7) pour point according to ASTM D 97. 
(8) Noacic volatility as determined by ASTM D 5800. 



Table 5 





OW-30 specifications 


Example 3 


Comparative experiment A 


kinematic viscosity at 1 00 ""C (cSt) 


9.3-12.5 


9.69 


9.77 


VDCCS P d -35 «C 


62.0 max 


61.2 


48.3 


MRV cP @ -40 *»C (CP) 


60000 max 


17500 


12900 


Yield stress 


No 


No 


No 


Pour Point C*C) 




-60 


-60 


Noack (wt%) 




11.7 


11.2 



Example 4-5 

[0049] Base oils as prepared from the same feed as in Examples 1 and 2 under vaiying conditions were prepared. 
Properties are listed in Table 6. Tlie cyclo-paraffins and normal and iso-paraffins of the base oil of Example 5 (see 
Table 6) were further analysed. In Rgure 1 tiie content of the components, nonr^al and iso-paraffins, 1-rlng cyclo- 
paraffins, 2-ring cyclo-paraffins, etc. in the saturates phase as a function of their respective cart)on numbers are shown 
of the base oil of Example 5. 



8 



EP 1 370 633 B1 



10 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



H 



0) 
C 

-ri 

m 
o 

10 
(0 



H 
O 

a> 

CO 
03 



ft) 

C 
-H 
Xi 

m 

0) CO 



>1 

CO 



u 



(0 O) 
4-» 

o 



m 

(D 
> 
O 

.H C 
Q) M 

J2 M 



o 



0) 



M 
0) 

-H 

u 
u 
a> 

o 

Q> 
X 

4-» 

c 
>1 

CO 

\ 



4J 

to 

>i 
.H 

o 



•o 

0) 

c 

-H 

4-> 
-Q 
O 

10 



o 

CO 
fO 
CO 



01 
4-) 



O 

Q) 
CO 
ra 
CQ 



CO 

c 

m 

0) 

•o 

L> 
-H 
4J 

>i 
iH 

m 

rO 

u 



>1 

X 
<0 

:5 

CO 
Q 



0) 
CO 



JO 

c 

rO 



0) 

4- > 
■H 

u 

M 

5- l 
0) 



u 

0) 
SZ 
4J 

c 

(0 
AJ 

04 



4J 
CO 
>• 

fO 
4-> 

ns 



c 

0) 
G 

O 



CM 



a 
B 
m 



< 


91 


1 


in 


Of 




U3 


VD 






u-i 




o 





I in 

(0 Q) 



I ^ 

CO Q) 



CM 



VD 



O 
CD 



rO 



<0 
>i 

•H 

to 
o 
u 

(0 



4^ 
CO 
U 



O 
O 



o 

o 
o 

in 



OS 



CM 
CO 



04 

o 

o 
o 

m 



9k 



o 
o 

CO 



GO 



CTV 



o 
o 



cn 



00 



CD 



r-l 



O 

o 
in 
in 



as 



to 
rO 

>i 
10 

o 
o 



CO 

u 

u 



M 

10 

ro 

0) 



o 
I 

(0 



dp 

to — 

0) 

c 

0) 
4-> 

c 
o 
o 



3 



CO 



d 

•H 

10 
<0 



4J 

c 

a 
o 
u 



to 
c 

ro 

u 

ro 

a 



9 



EP 1 370 633 B1 



10 



IS 



20 



25 



30 



C 

o 
o 



Q) 
(0 



35 



40 



45 



SO 



55 



J5 



O 
01 



H 
O 

0) 
GO 
ro 
0) 



(0 






D» 




(0 


C 






-H 




u 












> 








o 


CO 




•0 


o 


0) 






4J 


u 




nJ 


•H 


iH 


c 


4J 


iH 




>t 


0) 




rH 


J3 




(0 


CO 


m 


4J 




a: 


10 







0) 
0) 

U •> 



o 

C 
>i 
(0 



4J 
CO 

r0 

fO 
U 



•o 

Q) 
C 

(IS 

O 
01 



C 
-H 

Q) 

•o 

O 
•H 
4J 
>i 
i-l 
CO 

(0 

o 



m 

X u 

f3 <D 

s > 
o 

CO 

a (1) 

(0 

.-I c 

r-l -rl 
Q) (H 

CO m 
a; 



4-> 
•H 

M 

Q) 
-H 

01 

s 3 

I 3 

>1 

09 



03 

(d 

O 

0) 
0) 

m 

DQ 



Q 

m 

•8 



O 



I in 

Cs3 Qi 



0) 

to 



in 



CSJ 



u 



0) 

c 

C H-l 
H lO 
M M 
«0 

CM a 



5* 



Z 

o 
o 
1^ 

D 

0) 
4-> 
10 
M 

0) 

I-l 
o 
>f 
u 

0) 
10 
CP 



5 



0 

> 

CO 

X 



09 
M 
(0 
i3 



O 



fO 

o 



o 

0) 
M 

10 

0) 

a> 
u 
a 

(0 
4J 
O 
4J 



CM 



M 
01 

-H 

d 
Id 

ro 



0) 

c 

CO 

cn M-f 
c (0 

-H M 
M CO 

M I 

Q) O 

3 >i 
c u 



TO 

c 
o 
o 

c 
o 

-H 

u 

(0 
0) 



u 

O » 
ON 

CM O 
CM 

o 

0) m 

U 

O — 

§• 

01 

^ c 

(0 m 
-o 

o> * 

0> * 



10 



EP 1 370 633 B1 



Claims 

1 . A lubricant composition comprising a base oil and one or more additives wherein the lubricant composition has a 
kinematic viscosity at 1 00 '^C of more than 5.6 cSt, a cold cranking simulated dynamic viscosity at -35 according 
to ASTM D 5293 of less than 6200 centiPoise (cP) and a mini rotary viscosity test value of less than 60000 cP 
according to ASTM D 4684, wherein the base oil has been obtained from a waxy paraffinic Fischer-Tropsch syn- 
thesized hydrocarbons, wherein the base oil comprises at least 98 wt% saturates and wherein the saturates fraction 
consists of between 1 0 and 40 wt% of cyclo-paraffins. 

2. Lubricant composition according to claim 1 , wherein the base oil has a pour point of less than -39 °C and a kinematic 
viscosity at 100 '^C of between 3.8 and 5.5 cSt and the lubricant composition has a kinematic viscosity at 100 

of between 9.3 and 1 2.5 cSt. 

3. Lubrfcant composition according to any one of claims 1-2. wherein the lubricant composition comprises less than 
10 wt% of an additional base oil. 

4. Lubrteant composition according to claim 3, wherein the lubricant composition comprises no additional base oil. 

5. Lubricant composition according to any one of claim 1 -4. wherein the saturates fraction consists of more than 1 2 
wt% of cyclo-paraffins. 

6. Lubricant composition according to any one of claims 1 -5. wherein the weight ratio of 1 -ring cyclo-paraffins relative 
to cyclo-paraffins having two or more rings is greater than 3. 

7. Lubricant composition according to any one of claims 1 -6. wherein the base oil is obtainable from a process com- 
prising the following steps: 

(a) hydrocracklng/hydroisomerisating a Rscher-TnDpsch product having a weight ratio of compounds having 
at least 60 or more carbon atoms and compounds having at least 30 cartoon atoms of at least 0.2 and wherein 
at least 30 wt% of compounds in the Fischer-Tropsch product have at least 30 carbon atoms, 

(b) separating the product of step (a) into at least one or more fuel fractions and a base oil precursor fraction, 
and 

(c) perfonrjing a catalytic dewaxing step to the base oil precursor fraction obtained in step (b). 

8. Lubricant composition according to claim 7. wherein the Fischer-Tropsch product used in step (a) has at least 50 
wt%, and more preferably at least 55 wt% of compounds having at least 30 carbon atoms and wherein the weight 
ratio of compounds having at least 60 or more cartoon atoms and compounds having at least 30 cartDon atoms of 
the Fischer-Tropsch product is at least 0.4 and wherein the Fischer-Tropsch product comprises a Cgn* fraction 
having an ASF-alpha value (Anderson-Schulz-Flory chain growth factor) of at least 0.925. 

9. Use of a lubricant according to any one of claims 1 -8 as an OW-X passenger car motor oil or as an OW-X heavy 
duty diesel engine oil, where X Is 20, 30 or 40. 



PatentansprOche 

1. Eine ein Grund6l und ein odermehrere Additive umfassende Schmiermittelzusammensetzung. worin die Schmier- 
mittelzusammensetzung eine kinematische Viskositat bei 100 von uber 5,6 cSt, eine dynamische Cold Cran- 
king-Slmulator-Viskositat bei -35 °C gemaS ASTM D 5293 von unter 6200 Centipoise (cP) und einen Mlnl-Rota- 
tponsviskosrtatstestwert von unter 60.000 Centipoise gemaR ASTM D 4684 aufweist, worin das Grundol aus wachs- 
artigen paraffinischen Fischer-Tropsch-synthetisierten Kohlenwasserstoffen ertialten worden ist, worin das Grund- 
ol wenigstens 98 Gew.% gesattigte Verbindungen umfasst und worin die Fraktion der gesattigten Verbindungen 
2u 1 0 bis 40 Gew.% aus Cycloparaffinen besteht 

2. Schmiennittelzusammensetzung nach Anspruch 1 . worin das Grundol einen Pourpoint von unter -39 *>C und eine 
kinematische Viskositat bei 100 ^C von 3,8 bis 5,5 cSt auhveist und die Schmiermittelzusammensetzung eine 
kinematische Viskositat bei 100 ''C von 9,3 bis 12,5 cSt aufweist 
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3. Schmiermittelzusammensetzung nach einem der Anspruche 1 bis 2. worin die Schmiermittelzusammensetzung 
unter 10 Gew.% eines zusatzlichen Grundols umfasst 

4. Schmiermittelzusammensetzung nach Anspruch 3, worin die Schmiemiittelzusammensetzung kein zusatzliches 
Grunddl umfassL 

5. SchmiemDittelzusammensetzung nach einem der Anspruche 1 bis 4, worin die Frald:ion an gesattigten Verbindun- 
gen zu Ober 12 Gew.% aus CycloparafTinen besteht 

6. Schmiermittelzusannmensetzung nach einem der Anspruche 1 bis 5, worin das Gewichtsverh&ltnis von Einring-Cy- 
doparaffinen zu Cycloparaffinen mit zwei oder mehr Ringen groSer als 3 ist 

7. Schmiermittelzusammensetzung nach einem der Anspruche 1 bis 6, worin das Grundol aus einem Verfahren er- 
h&ltiich ist, das die folgenden Schritte umfasst 

(a) Hydrocracken/Hydroisomerisieren eines Fischer-Tropsch-Produktes mit einem Gewichtsverti§ltnis von 
Verbindungen, die wenigstens 60 oder mehr Kohlenstoffatome aufweisen. zu Vert^indungen, die wenigstens 
30 Kohlenstoffatome aufweisen, von wenigstens 0,2, worin wenigstens 30 Gew.% der Vert5indungen in dem 
Fischer-Tropsch-Produkt wenigstens 30 Kohlenstoffatome haben. 

(b) Auftrennen des Produktes aus Schritt (a) in wenigstens eine Oder mehrere Brennstofffraktionen und in eine 
GrundotvoriSuferfraktion und 

(c) Ausf Qhren eines katalytischen Entwachsungsschrittes an der im Schritt (b) ertialtenen Grundolvoriaufer- 

fraktion. 

8. Schmiermittelzusammensetzung nach Anspruch 7, worin das im Schritt (a) verwendete Fischer-Tropsch-Produkt 
wenigstens 50 Gew.% und st§rtcer bevorzugt wenigstens 55 Gew.% an Vertjindungen aufweist. die wenigstens 
30 Kohlenstoffatome haben, und worin das Gewichtsverh^ltnis von Vert^indungen, die wenigstens 60 oder mehr 
Kohlenstoffatome aufweisen. zu Verbindungen. die wenigstens 30 Kohlenstoffatome aufweisen, in dem Fischer- 
Tropsch-Produkt wenigstens 0,4 betrigt und worin das Fischer-Tropsch-Produkt eine C20*-P''aktion mit einem 
ASF-Alphawert (Anderson-Schulz-Flory-Kettenwachstumsfaktor) von wenigstens 0.925 umfasst. 

9. Venwendung eines Schmiennittels nach einem der Anspruche 1 bis 8 als ein 0W-X-Personenkraftwagenmotor6l 
Oder als ein OW-X-Hochleistungs-Dieselmotorol, wobel X 20, 30 oder 40 bedeutet 



Revendications 

1. Composition lubrifiante comprenant une huile de base et un ou plusieurs additifs dans laquelle la composition 
lubrifiante a une viscosity cln6matique k 1 0O^C de plus de 5,6 cSt, une viscoslt§ dynamique simul^e de d^man^ge 
k froid k -35^C suivant la m§thode ASTM D 5293 de molns de 6.200 centipoises (cP) et une valeur d'essai de 
miniviscoslt^ rotatoire de rnoins de 60.000 cP suivant la m^thode ASTM D 4684, dans laquelle I'huile de base a 
6X§ obtenue k partir d'hydrocart)ures synthetisds de Fischer-Tropsch paraffinlques cireux, dans laquelle Thuile de 
base comprend au moins 98% en poids de satur6s et dans laquelle la fraction de satur6s comprend entre 10 el 
40% en poids de cycioparafflnes. 

2. Composition lubrifiante suivant la revendication 1 , dans laquelle I'huile de base a un point d'^coulement inf6rieur 
k -39°C et une viscosit§ cin§matlque k lOO'^C entre 3.8 et 5,5 cSt et la composition lubrifiante a une viscosity 
cin§matique k 100**C entre 9,3 et 12,5 cSt 

3. Composition lubrifiante suivant Tune ou Pautre des revendications 1 et 2» dans laquelle la composition lubrifiante 
comprend moins de 10% en poids d'une huile de base additionnelle. 

4. Composition lubrifiante suivant la revendication 3, dans laquelle la composition lubrifiante ne comprend pas d'hulle 

de base additionnelle. 

5. Composition lubrifiante suivant Tune queteonque des revendications 1 k 4, dans laquelle la fraction en satur§s 
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comprend plus de 12% en poids de cycloparaffines. 



Composition lubrifiante suivant I'une quelconque des revendlcatbns 1 k 5. dans laquelle ie rapport en poids de 
cycloparaffines k un cycle par rapport aux cycloparaffines comportant deux cycles ou plus est sup^rieur h 3. 

Composition lubrifiante survant I'une quelconque des revendlcations 1 k 6. dans laquelle Thuile de base est obte- 
nable k partir d'un proc§d^ comprenant les Stapes sulvantes : 

(a) hydrocraquage/hydroisom§risation d'un produit de Fischer-Tropsch ayant un rapport en poids de compost 
comportant au moins 60 atomes de cartjone ou plus et de composes comportant au moins 30 atomes de 
carbone d'au moins 0,2 et dans lequel au moins 30% en poids de composes dans le produit de Rscher-Tropsch 
comportent au moins 30 atomes de carbone, 

(b) separation du produit de r§tape (a) en au moins une ou plusieurs fractions de combustible et une fraction 
pr^curseur d'huile de base, et 

(c) realisation d"une 6tape de d6paraffinage catalytique sur la fraction pr^curseur d'huile de base obtenue 
dans r§tape (b). 

Composition lubrifiante suivant la revendication 7. dans laquelle le produit de Rscher-Tropsch utilise dans r§tape 
(a) a au moins 50% en poids. et plus avantageusement au moins 55% en poids de composes comportant au moins 
30 atomes de cartjone et dans lequel le rapport en poids de composes comportant au moins 60 atomes de carbone 
ou plus et de composfe comportant au moins 30 atomes de carbone du produit de Fischer-Tropsch est d'au moins 
0 4 et dans laquelle ie produit de Fischer-Tropsch comprend une fractton en C20+ ayant une valeur d'ASF-aioha 
(facteur de croissance de chatne d'Anderson-Schulz-Flory) d'au moins 0,925. 

Utilisation d'un lubrifiant suivant Tune quelconque des revendlcations 1 k 8. comme huile moteur pour voiture 
particuliere OW-X ou comme huile pour moteur diesel pouss6 OW-X. oCi X est 20, 30 ou 40. 
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